A series of experiments was conducted in domestic fowl to investigate the consequences of five generations of divergent selection for increased (L+) or decreased (L\m=-\) numbers of hatched chicks. After artificial insemination with pooled ejaculates within the same line (L+ males \m=x\L+ hens or L\m=-\males \m=x\L\m=-\ hens), significant differences were observed between L+ and L\m=-\ hens for mean fertility rates (L+ 94.8%, L\m=-\70.2%, P < 0.0001) and for effective and maximum duration of fertility (P < 0.00001). A comparison of the overall laying performance and shell quality between the two selected lines showed that L\m=-\hens laid fewer eggs than L+ hens (P < 0.00001) and L\m=-\ eggs had poorer shell quality (shell breaking strength) than L+ eggs (P < 0.00001). 
Introduction
The mechanisms involved in the selection, storage and utilization of spermatozoa in the oviduct have not been fully elucidated in avian species. This is due to the difficulties in characterizing the exact role of the various physiological processes involved (for example, immunodependence of vaginal selection and sperm storage ability; for a review see Bakst et al., 1994) and the wide inter-individual variability in initial sperm acceptance (Brillard and Bakst, 1990; Brillard, 1992) . However, use of several methodologies developed primarily to quantify the numbers of spermatozoa present in various parts of the oviduct may offer new insight into how the duration of the fertile period in selected lines is regulated (in avian species the fertile period can be defined as the interval after sperm deposition during which a female lays fertile eggs). In avian species, the probability of fertilization of each egg is partly dependent on the density of spermatozoa present in the infundibulum, the site of fertilization. An estimate of sperm density can be obtained by evaluating the population of spermatozoa trapped in the perivitelline layer of oviposited eggs (Wishart, 1987) which is correlated with the actual population of spermatozoa stored in the sperm storage tubules (Brillard, 1993) . Previous observations in domestic fowl have established that selection favouring a longer fertile period is feasible (Pingel and of hatched chicks per hen (Pingel and Planert, 1978 ). An alternative model of selection based on the number of chicks hatched after artificial insemination has been proposed to overcome the negative consequences of the phenotypic and genetic correlations observed between the duration of the fertile period and embryo death (Beaumont, 1992; Beaumont et al., 1992) . The number of chicks hatched depends on the number of eggs that are acceptable for incubation, the duration of the fertile period, and the probability of each embryo developing to hatching. The aim of the present study was (Brillard et al., 1987 (Voisey et al., 1979) .
The effects of selected line and hens within selected lines were tested using the SAS general linear model procedure (SAS, 1989 The populations of spermatozoa present in the perivitelline layer of eggs laid by group++ or group" " hens on days 3 and 10 after artificial insemination were revealed using the fluorescence method (Wishart, 1987; Antoine, 1990) modified as follows: 4',6-diamidino-2-phenilindole (DAPI) was replaced by Hoechst 33342 for brighter fluorescence and easier recognition of sperm heads (Brillard and Bakst, 1990) . Sperm density in the perivitelline layer was estimated from 50 randomly chosen areas apart from the animal pole (ultraviolet fluorescence microscopy at 400 magnification). The population of spermatozoa in the perivitelline layer in each egg (P) was estimated from individual yolks using the formula = NxS, in which = number of spermatozoa mm-2 membrane and S = surface of egg membrane (mm2). Assuming that avian yolks are approximately spherical, S was estimated from S = 4 2, in which R = yolk radius. The yolk radius (R) was calculated from V = 4/3 3 in which V = yolk volume = yolk weight/d (d = specific gravity of egg yolk, which is 1.036 in fowl; Romanoff and Romanoff, 1963) . The number of spermatozoa in the perivitelline layer in eggs from group++ and groups hens was compared using the SAS general linear model (SAS, 1989) by fitting the effects of the four groups of hens after artificial insemination as well as the group day interaction. As the day and group effects and their interaction were significant, the least square means were computed for each group and tested within each day by pairwise t tests.
Sperm recoveryfrom oviducts (period 3)
Spermatozoa were recovered from oviducts on days 1, 3 and 10 in both the vagina and utero-vaginal junction using procedures described by Brillard and Bakst (1990) Populations ofspermatozoa in the perivitelline membrane
The perivitelline layer of eggs from group** contained significantly larger populations of spermatozoa (P < 0.01) despite wide individual variations within lines (coefficient of variation > 40%, Table 3 ). The numbers of perivitelline and ++, respectively. There were also differences in the intraclass distribution of the populations of perivitelline spermatozoa between lines (Fig. 2) , with very few (day 3) or no eggs (day 10) from group"~containing more than 50 000 spermatozoa. In contrast, similar or greater numbers of spermatozoa were recovered in approximately 50% (day 3) and 40% (day 10) of the eggs from group** hens.
Sperm storage efficiency in the utero-vaginal junction
The populations of spermatozoa recovered from the utero-vaginal junction of both control and experimental (L" or L+) hens on days 1, 3 and 10 after insemination showed that there was no significant group effect (P > 0.05) in the vagina, while the interval after artificial insemination effect was significant (P < 0.05; Table 4 ). Both the group and the interval after artificial insemination effects were significant (P < 0.05 and < 0.01, respectively). There were approximately two and eleven times more spermatozoa recovered in the sperm storage tubules from L+ (group**) than from L" (group"") hens on days 1 and 10, respectively. In contrast, the two control groups of hens inseminated with pooled semen samples from both L" (group" ") and L* (group**) males showed no significant difference (P > 0.05) for this trait at any of the intervals examined. The initial populations of spermatozoa (day 1) recovered from both control groups (769 IO3 and 844 IO3 in groups c" and c+, Group , hens from line selected for decreased numbers of hatched chicks (L~) inseminated with semen from Lr males; group**, hens from line selected for increased numbers of hatched chicks (L+) inseminated with semen from L* males; group c~( control), commercial slow-growing hens inseminated with semen from L~m ales; group c+ (control), commercial slow-growing hens inseminated with semen from L* males.
Hens were inseminated with 120 10* spermatozoa.
Means (± SEM) with different superscripts within the same column are significantly different (P < 0.05). respectively) were intermediate to those found in group"" (L" 543 xlO3) and group** (L* 1044 IO3) hens. Finally, the percentages of spermatozoa recovered on day 1 after artificial insemination (that is, on the day with the highest numbers of spermatozoa in the sperm storage tubule) ranged from 0.5% (group" ") to 0.9% (group**) of the initial inseminated dose.
Comparison of the sperm storage tubule populations
The mean populations of sperm storage tubules present in the utero-vaginal junction were 2241 ± 121 and 2957 ± 140 in L" and L+ hens, respectively. These differences were highly significant (P < 0.001). (Potts and Washburn, 1985) , duration of fertile period (Pingel and Planert, 1978) , and embryo survival and fertility (Crittenden et al. 1957; Custodio and Dacosta, 1988 (Brillard, 1993) . Brillard (1993) reported the recovery of approximately 0.9% of inseminated spermatozoa from the sperm storage tubule, which is similar to the percentage recovery (0.8%) observed in turkeys (Brillard and Bakst, 1990 Brillard and Bakst (1990) in their study of turkeys. There was a significant difference in the incidence of early embryo mortality between the two lines, with over four times more embryo deaths in eggs from L~c ompared with L* hens. Previous studies in fowl (McDaniel et al., 1979) have shown that early embryo mortality increases in eggs with low specific gravity, that is, in eggs with low shell quality. Bugili and Renden (1987) reported that higher percentages of empty sperm storage tubules were observed in hens primarily classified as laying a majority of eggs without shells. These observations suggest causal dependence between overall shell quality (indirectly quantifiable by determining either the specific gravity of eggs or, more accurately, shell breaking strength) and early embryo mortality. This may be explained by the high degree of water loss occurring in eggs with low shell quality (McDaniel et al., 1979) and oviposition of blastoderm from eggs with thin shells before they have the capacity to survive. A direct link between the ability of a hen to store spermatozoa and to produce eggs with high or low shell quality remains questionable as the two sites responsible for these functions in the oviduct (the vagina for sperm selection and the uterus for shell deposition) are anatomically distinct. However, it is possible that selecting two lines on the number of hatched chicks results in the modification of a series of oviduct-dependent traits, including those involved in the control of shell quality, fertility and early embryo survival, even if no direct correlation between these traits has been observed (Fairfull and Gowe, 1990 ).
The present study supports the hypothesis that changes in sperm storage capacity in the oviduct are at least partly responsible for the differences in fertility observed between the two selected lines. However, the possibility that changes also occur in initial sperm selection in the oviduct cannot be entirely discarded. Previous work in fowl by Steele and Wishart (1992) 
